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ABSTRACT
The aim of the article is to prove that Low-Energy Nuclear Transmutations may be performed by a process that 
emerges duе to change in spin orientation of virtual photons created by quantum objects taking part in low-energy 
nuclear transmutations. According to Feynman’s theory, virtual photon has the properties of spin vortex (precessing 
spin and electric dipole moment) and is produced in physical vacuum characterized by inner angular momentum. 
Interaction of virtual photons by means of interaction of their electric dipoles can result in inversion of one of the 
electric dipole moments and, consequently, in inversion of spin related to it. 
The reorientation of spin of virtual photon means the reorientation of angular momentum in physical vacuum 
and, in accordance with the law of conservation of angular momentum, the processes compensating the changes 
in angular momentum emerge. The moment related to the inertial properties of the physical vacuum may be a 
characteristic of this process. This moment while acting on electric dipole moments of virtual photons of quantum 
objects can cause, firstly, the energy generation, and, secondly, the reorientation of these electric dipole moments in 
physical vacuum. The changes in orientations of electric dipole moments of virtual photons act on characteristics of 
quantum objects creating these virtual photons and in such a way on the structure of chemical elements containing 
these quantum objects. In such a way the transmutations of chemical elements can take place.
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Introduction 
The processes that determine the execution of 
low-energy nuclear reactions are analyzed in this 
work. Such physical processes are:  
1) the creation of virtual photons by quantum 
objects which are features in electric and/or 
magnetic fields [1-2]; 
2) the inversion of electric dipole moment of one 
of the virtual photons and simultaneously 
inversion of its spin; the inversions are accompanied 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
by generation of energy [3];  

3) the process compensating the change in angular 
momentum; the latter is a result of spin inversion.  

The moment related to the inertial properties of 
the physical vacuum is the main characteristic of 
process that ensures the conservation of angular 
momentum. (This is the process similar to that 
which defines Newton’s first law (law of inertia) 
[4]). This moment while acting on electric dipole 
moments of virtual photons of quantum objects 
can cause: firstly, the reorientation of these dipole 
moments in physical vacuum and, secondly, the 
energy generation. The changes in orientations of 
electric dipole moments of virtual photons act on 
characteristics of quantum objects creating these 
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virtual photons and in such a way on the structure 
of chemical elements containing these quantum 
objects. Thus, the transmutations of chemical 
elements can take place. 
 
In the next sections, the above physical processes 
determining the execution of low-energy nuclear 
reactions will be considered in detail. 
 
1. Creation of Virtual Photons by Quantum 
Object  
1.2. The properties of virtual photon 
In 1965, R. F. Feynman won the Nobel Prize for 
his hypothesis about creation by quantum objects, 
that are features in electric and magnetic fields, of 
objects having properties of photon [1]: spin vS  
and electric dipole moment vd  (as follows from 
experiments with so-called Transverse Optical 
Force, photon has an electric dipole moment [5]): 

v vd S .            (1) 

Feynman called the object proposed by him 
“virtual photon”.  
Some properties of virtual photon are similar to 
properties of spin vortex [2]. Similar to properties 
of spin vortex, spin vS  performs precession 
motion with frequency vω  defined according to  

property of gyroscopes [6] as: 

   v v v= M ω S ,             (2) 

where vM  is a moment causing precession; and: 

     v qω S ,             (3) 

where qS  is a spin of quantum object that creates 
virtual photon. 
As the charge of quantum object acts on electric 
dipole moment vd  of virtual photon created by 
this quantum object and following it, the 
following is valid with taking into account Eqs (1) 
and (2): 

      v ω u ,             (4)
1,

,
1,

for positively charged of quantumobjects
for negatively charged of quantumobjects




= −
                                                            (5) 

where u is velocity of quantum object.  
 
Figure 1 contains schemas of virtual photons 
created by both negatively and positively charged 
quantum objects with taking into account that the 
size of virtual photon is equal to wavelength q  
of quantum object creating the virtual photon [1].  
 

 
Figure 1. Schemas of virtual photons created by 
both negatively (variant (a)) and positively 
(variant (b)) charged quantum objects. vd  are 
electric dipole moments; vω  are frequencies of 
precession of spins vS ;   are angles of 
deflection; u and qS  are velocities and spins of 
quantum objects; q  are sizes of virtual photons. 
 
The angle of deflection   is determined by speed 
u of quantum object and by speed of light c [2]: 

   sin /u c = .             (6) 

1.2. Definition of expressions for electric dipole 
moments of virtual photons created by electron 
and proton, respectively ved  and vpd  
Based on the results of experiments conducted by 
Kaufmann [7] on the deflection of beta-rays 
emitted by radium, which showed that the mass of 
electron em  is purely of an electromagnetic 
nature, we assume that the same is valid for the 
virtual particle (with mass vm /2 and charge vq ) 
that, according to hypothesis of Feynman, makes 
up the virtual photon with mass vm : that is, the 
following holds: / 2 /e v ve m q m=  (e is the electric 
charge of electron). From the latter expression we 
obtain the expression for vq :  

    ( )/ 2v v eq em m= .            (7) 
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As, according to Feynman’s hypothesis, the 
properties of virtual photon are similar to the 
properties of photon, the mass of virtual photon 
will be defined similar to kinetic mass of photon 

phm : 2/ph phm U c= , where phU  is photon 
energy, c is the speed of light. Consequently, the 
mass of virtual photon vm  may be defined as: 

     2/v qm U c= ,            (8) 
where qU  is the energy of quantum object 
creating the virtual photon.  
 
In general, electric dipole moment vd  of virtual 
photon is defined by the electric charge vq  of 
virtual particle that constitutes virtual photon 
(according to Feynman hypothesis [1]) and size of 
virtual photon q : 

          vd = vq .
q .           (9) 

Note. Essentially, the formula (9) unites classical 
mechanics (electric dipole moment and electric 
charge) with quantum concept (wavelength of 
wave function of quantum object defined by its 
moment qр  [8]): 

/q qp= .          (10) 
Solving together Eqs (7)-(10) and using the 
formula for Bohr magneton ( )/ 2B ee m c =  , we 
obtain the following expression for electric dipole 
moment vd  of virtual photon created by quantum 
object: 
    ( )/v B q qd U cp= .          (11) 

If the energy of the quantum object (with mass 
qm  and velocity u) is equal to its kinetic energy 

( 2 / 2q qU m u= ) and taking into account 

q qp m u= , the equation (11) can be rewritten in 
the form: 

( )/ 2v Bd u c= .          (12) 

The equation (12) can be extended to electric 
dipole moment of electron ved  if speed u is equal 
to the speed of electron eu : 

( )/ 2vе B еd u c= .          (13) 

The equation (12) can be extended as well to 
electric dipole moment of proton vpd  if the speed 

u is equal to the speed of proton pu  and the 

magneton of Bohr ( )/ 2B ee m c =   is replaced 
by nuclear magneton N : 

( )/ 2vр N pd u c= .          (14) 
 
1.3. Energy characteristic of virtual photon 
The interaction of virtual photons is characterized 
by energy vW , moment vM , force vF . These 
characteristics in the CGS system can be 
determined by the following expressions [9]:  

          

( ) ( )( )( )2 5
1 2 1 23 /v v v v vW r r= −d d d r d r ,  

                                    (15)   
     

( )( )( )2 5
2 1 1, 3 /v v v v r r = −  

M d r d r d ,  

                                    (16) 
where r is the distance (r is vector of distance) 
between virtual photon.

 

If mutual orientation of electric dipole moments of virtual photons is parallel or antiparallel, force vF
between them is determined as: 

               v =F
4

1 2 1 2 1 2

4
1 2 1 2 1 2

/ ( 3) ( 6).

/ ( 3) ( 6).

v v v v v v

v v v v v v

k r attractive if k or k

k r repulsive if k or k

−  = →→ =

−  =− → =−






d d d d d d

d d d d d d
             (17) 

ħ

ħ

ħ
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Equations (15)-(17) are valid if distance r between interacting virtual photons is much greater than their 
size q , that is: 

q <<r.             (18) 
Let us analyze energy characteristics of virtual particle in more detail using as an example the energy 
property of molecule of hydrogen, see Figure 2. 

 
Figure 2. The schematic image of hydrogen structure. The hydrogen consists of molecules of two types: 
parahydrogen and ortohydrogen. qpS  - spins of protons (nuclei of atoms of hydrogen molecules); 

vpd  - electric dipole moments of virtual photons created by protons; qеS  - spins of electrons; ved  - 
electric dipole moments of virtual photons created by electrons.
 
Let us consider the features [10] of the diagram in 
Figure 2. 
1) There exist two spin forms of molecular 
hydrogen: parahydrogen (p-H 2 ) containing two 
protons with the opposite orientations of their 
spins; and ortohydrogen (o-H 2 ) containing two 
protons with the same spin orientation. According 
to Eqs (1)-(3), the spin of proton qpS  is related to 

electric dipole moment vpd  of virtual photon 
created by proton by condition: 

.vp qpd S           (19) 

2) Protons that make up the molecule of 
parahydrogen (have antiparallel spins qpS ) create 
virtual photons that, according to Eq. (19), have 
oppositely oriented electric dipole moments vpd . 
The schematic representation of virtual 
photons created by nuclei of parahydrogen 
(protons) with antiparallel spins qpS  is shown in 
Figure 3. According to definition of 
parahydrogen and Eqs. (17) and (19), attractive 
force vp+F  acts between virtual photons created 
by protons of parahydrogen and consequently 
between these protons. According to Eq. (17) and  
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(14), if condition (18) is fulfilled, vp+F  is 

determined as ( )( )223 / 2vp N p vpu cr=+F . With 

taking into account the data of parahydrogen [3, 
11]:   

pu = 1.85 105cm/s, vpr =0.74 10-8cm. 

vp =+F 3 10-25dyne.          (20) 

Let us check in this case the feasibility of 
condition (18): ( )/q p pm u=  = 0.32 10-8cm , 

where pm is mass of proton. Thus  q < vpr
=0.74 10-8cm. Consequently, the condition (18) is 
fulfilled approximately.  
 
Note to Eq.20. As follows from Fig.3, the expression 
(20) must contain multiplier 2cos  , where, 

according to Eq. (6), ( )2 2cos 1 sin /u c = − . 

Since in the considered case 2 10cos 1 10 1, −= −   
we can ignore this multiplier.  
 
According to Eq. (15), the interaction energy in 
this case, vpW + , will be negative: 

0vpW + .          (21) 

 
Figure 3. The schematic image of virtual photons 
created by nuclei (protons) that constitute 
parahydrogen. qpS  are spins of protons constituting 
parahydrogen. The characteristics of virtual 
photons: vpS  are spins; vpd  are electric dipole 
moments; vω  are frequencies of precession;   are 
angles of the deflection; u are velocities. 

3) Protons constituting ortohydrogen (have 
parallel spins qpS ) create virtual photons that, 
according to Eq. (19), have uniformly oriented 
electric dipole moments vpd . The schematic 
image of virtual photons created by nuclei 
(protons) that constitute ortohydrogen is shown in 
Figure 4.  

 

Figure 4. The schematic image of virtual photons 
created by protons with parallel spins ( qpS ) 
constituting ortohydrogen. Characteristics of the 
virtual photons: vpS  are spins; vpd  are electric 
dipole moments; vω  are frequencies of precession;
  are angles of deflection; u are velocities. 
 
According to definition of ortohydrogen and 
Eqs. (17) and (18), repulsive force vp-F  acts 
between virtual photons created by protons of 
ortohydrogen and consequently between these 
protons. Force vp-F  is determined by the same 

formula as vp+F  (Eq. (14)); and let us assume as 
well that force vp-F  has the same order of 

magnitude as vp+F (Eq. (20)): 

vp vp+= =-F F 3 10-25dyne.         (22) 

Note to Eq.(20) is valid in this case as well. 
 
According to Eq. (15), the interaction energy of 
virtual photons created by protons of 
ortohydrogen vpW -  will be positive: 

0vpW - .          (23) 
4) Every atom of hydrogen contains an electron 
with spin qеS . According to Eqs (1)-(3), the spin 
of electron is related to electric dipole moment 

ħ
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ved  of virtual photon created by electron by 
condition: 

.vе qеd S          (24) 

Let us consider the variant where electrons created 
by аtoms of the same molecule (parahydrogen or 
ortohydrogen) have opposite orientations of their 
spins vеS  (Fig. 5), that is they are in the singlet 
state.  

 
Figure 5. The schematic image of virtual photons 
created by electrons with antiparallel spins ( qеS ). 
Characteristics of the virtual photons: vеd  are 
electric dipole moments; vω  are frequencies of 
precession of spins vеS ;   are angles of 
deflection; u are velocities. 
 
According to Eqs. (17) and (24), attractive force 

ve+F  acts between virtual photons created by 
electrons and consequently between these 
electrons. According to Eqs (13) and (17) (if 
condition (18) is fulfilled), ve+F  is determined as:

( )( )223 / 2ve B e veu cr=+F . With taking into 

account electron data: eu = 2.2 108cm/s, ver =0.37 
10-8cm [3, 11], we obtain:  

113 10ve
−= +F dyne            (25) 

Let us check in this case the feasibility of the 
condition (18): ( )/q е еm u=  = 0.5 10-8cm.  

Thus q > vpr =0.37 10-8cm. Consequently, the 
condition (18) is hardly fulfilled in this case. 

We assume that Note to Eq.(20) is valid in this 
case as well. 

According to Eq. (15), the interaction energy in 
this case vpW +  will be negative: 

      0vpW + .                      (26) 

From comparison of forces vp-F  (Eq. (22)) and 

ve+F  (Eq. (25)) it follows that repulsive force 

vp-F   between virtual photons created by protons 
of ortohydrogen is less than attractive force ve+F  
acting between virtual photons created by 
electrons in the singlet state. It follows also 
from comparison (in parahydrogen) of force 

vp+F  (Eq. (20)) and repulsive force ve−F which 
could act between virtual photons created by 
electrons in the triplet state (Eqs (13) and (17))  that 
attractive force vp+F  between virtual photons 
created by protons of parahydrogen is less than 
repulsive force ve−F which could act between 
virtual photons created by electrons in the triplet 
state. Thus, the following conclusion can be 
drawn: the absolute value of force (denote it vpF ) 
acting between virtual photons created by protons 
in the above considered cases is less than the 
absolute value of force (denote it veF ) acting 
between virtual photons created by electrons in 
the above considered cases, that is: 

                          vpF < veF .           (27) 

It follows from inequality (27) that a hydrogen 
molecule (both parahydrogen and ortohydrogen) 
is formed if electrons of this molecule are in the 
singlet state that is with antiparallel spins (an 
attractive force acts between them) and is not 
formed if electrons of this molecule are in the 
triplet state, that is with parallel spins (a repulsive 
force acts between them in this case). This 
conclusion is in accordance with experimental data. 
 
2. The Inversion of Electric Dipole Moment 
and Spin of Virtual Photon Created by Nucleus 
of Ortohydrogen 
As follows from Figure 2, the four of pairs of 
virtual photons exist in a hydrogen molecule:  
1) a pair of virtual photons created by the nuclei 
(protons) of parahydrogen (Figure 3); 

ħ
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2) a pair of virtual photons created by the nuclei 
(protons) of ortohydrogen (Figure 4);  
3) a pair of virtual photons created by the electrons 
related to nuclei (protons) of ortohydrogen 
(Figure 5);  
4) a pair of virtual photons created by the electrons 
related to nuclei (protons) of parahydrogen 
(Figure 5).  
 
According to Eq. (16), in every pair the 
moment vM  can cause the inversion of electric 
dipole moment of one of the virtual photons of 
the pair; the inversion is accompanied by a 
change in the energy of these virtual photons. 
According to Eqs (21), (23) and (26), the 
inversion is produced with energy emission 
only in ortohydrogen pair (Figure 4). In this 
case the inversion of electric dipole moment 

vpd  of virtual photon created by proton 
constituting one of the atoms of a hydrogen 
molecule occurs; according to Eqs (23) and 
(15)), the value of energy changes from 
positive to negative. According to Eqs. (1)-(3), 
the inversion of electric dipole moment vpd  of 
virtual photon  means the inversion of both 
virtual photon spin vpS  and spin qpS  of proton 
creating this virtual photon. This process is 
observed in experiments [3] and is called “orto-
para conversion” (ortohydrogen transforms 
into parahydrogen). 
 
3. The Physical Processes Generated by 
Inversion of Virtual Photon Spin  

The schema illustrating inversion of spin vpS , 

spin qpS  and electric dipole moment vpd  of 
virtual photon created by nucleus of ortohydrogen 
(by proton) is shown in Figure 6. 

 
Figure 6. The schema illustrating the process of 
inversion of spin vpS  and electric dipole moment 

vpd  of virtual photon created by nucleus (proton) 
of ortohydrogen and also inversion of spin of 
nucleus (proton) qpS  in ortohydrogen.  

As a result of inversion of virtual photon spin 
,vpS  the projection of this spin on axis OO’ 

changes by an amount 2 cosvp S ; the angle of 
rotation of spin equals  . Due to action of the law 
of conservation of angular momentum, a process 
that ensures the conservation occurs in physical 
vacuum [4]. The following theory exists: the time 
derivative of the angular momentum of the system 
relative to chosen area of physical vacuum equals 
the vector sum of moments ( inМ ) of external 
forces in this area. In general, the following 
formula is valid: 

                   /in v t=  M S ,          (28) 

where   is a proportionality coefficient. 

The moment inМ  can act on spins of virtual 
photons created by surrounding quantum objects; 
thus, a chain reaction of spin inversions may 
occur. The action of moment inМ  can result in the 
following processes. 
1) The generation of energy at inversion of spins 
of virtual photons created, for example, by protons 
of ortohydrogen. 
2) The possibility of change in the elemental 
composition of the surrounding objects. For example,  
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the inversion of electric dipole moment (spin as 
well) of one of the two virtual photons created by 
electrons can transform the states of these 
electrons: from triplet into singlet and back.  

3) The action of moment inМ  can lead to change 
in energy levels of atoms. Let us consider the case 
where atomic electrons are in p-state, that is 
electric dipole moments (respectively 1d  and 2d ) 
of virtual photons created by these electrons are 
oriented as 1 2→→d d  [9, 10]. If moment inМ  
changes the orientation of 1d  and 2d  by / 2 , the 
following takes place: 1 2d d . The next 
variants are possible: (1) the emerging triplet state 
of considered electrons is transformed into singlet 
state 1 2d d  with emission of energy; (2) the 
repulsive force arises between electrons in triplet 
state and they can leave atom. 
4) According to (1)-(3), uniform spin inversion of 
virtual photons can lead to magnetization of 
quantum objects creating these virtual photons. 
This theoretical conclusion is confirmed by 
experimental data [12].  

5) In accordance with determination inМ  (Eq. (28)) 
the effectivity of influence inМ  increased at using 
catalysts increasing the velocity of process [3]. It 
is in accordance with the successful use of Ni and 
Cu in low-energy nuclear reactions [3, 12]. 
 
Note. The fundamental role of law of conservation 
of angular momentum in low-energy nuclear 
reactions does not exclude the possibility of 
description of some characteristics of nuclear 
transmutation in low-temperature plasma from 
the viewpoint of other laws of conservation: laws 
of conservation of energy, momentum, charges 
(lepton, baryon, electric [13]). 
 
4. Discussion 

Every virtual photon has precessing spin vS  which 
is characterized by frequency of precession vω , 
angle of precession   and angle of deflection   
(Figure 7). 

 

Figure 7. Schematic image of characteristics of 
virtual photons. vω  are frequencies of 
precession of spins vS ;   are angles of deflection; 
  are angles of precession; r.l. are reference lines; z 
is axis;  ( )ss zI  are spin supercurrent; vd  are 
electric dipole moments. 
 
Spin supercurrent ( )ss zI  can emerge between the 
virtual photons and its value is determined as:  

 ( ) 1 2/ /ss zI g z g z = −   −   ,          (29) 

where 1g  and 2g  are coefficients depending on   
[14-16]. Thus, spin supercurrent equalizes 
orientations of spins, that is it performs a function 
similar to that of a moment inМ .  
 
It is shown in [17] that some properties of so-
called “strange radiation” characterizing the Low-
Energy Nuclear Transmutations are explained by 
action of spin supercurrent. 

1) A spin supercurrent does not arise between 
quantum objects creating virtual photons having 
total zero spin. The most probable is the 
emergence of a spin supercurrent in substances 
that have “free” quantum objects, such as in 
metals containing “free” electrons. 
2) The spin supercurrent is not an electric and is 
not a magnetic process. 
3) Spin supercurrent is capable to magnetize the 
substance. 
4) By definition spin supercurrent transforms 
angles of precession and deflection, consequently, 
the emerging tracks on the surface of various 
materials may have a vortex form [18]. 
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Figure 8. The tracks emerging on the surface of 
various materials and having vortex form. 
 
5) If spin supercurrent causes the contraction of 
the medium where it spreads and the speed of spin 
supercurrent is greater than the speed of spreading 
this contraction, then the action of spin 
supercurrents can result in appearance of 
periodically repeating jumps in density.  

 

Figure 9. The possible structure of twin-tracks in 
experiments with low-energy nuclear reactions. 
6) The “strange radiation” can exist after the end 
of nuclear reaction. That is, afteraction takes 
place. It may be related to gyroscopic properties 
of spins.  
7) Some effects related to the nuclear reaction can 
occur not only in the nuclear reactor but in the 
region surrounding the reactor. These phenomena 
can exist due to long-range character of spin 
supercurrent. 
 
Conclusion 
The following physical processes can determine 
Low-Energy Nuclear Transmutations.  
1) The creation by quantum objects (which are 
features in electric and magnetic fields) of virtual 
photons having spin and electric dipole moment.  
2) Inversion of one of the parallel oriented electric 
dipole moments of virtual photons with 
generation of energy. (For example, 
transformation of hydrogen molecule from 
ortohydrogen form into parahydrogen form.) 
Simultaneously with inversion of electric dipole 
moment created by virtual photon, the inversion 
of spin of this virtual photon also takes place.  
Note. These processes may exist as well without 
hydrogen atoms.  

3) The inversion of spin of the virtual photon 
means the change in orientation of angular 
momentum in physical vacuum. In this case, due 
to existence of law of conservation of angular 
momentum, the process of compensation of this 
change occurs. Such a process can be a moment 

inМ  related to the inertial properties of the 
physical vacuum. inМ  can act on the orientation 
of electric dipole moments of virtual photons 
created by quantum objects that make up the 
experimental setup, and by such way influence 
the structure of molecules containing those quantum 
objects. That is, the action of moment inМ  can 
lead to the transmutation of chemical elements. 
Note. The considered process can begin not only 
from orto-para conversion of hydrogen atom. It 
may exist without a hydrogen atom at all. 
4) One particle cannot be a result of nuclear 
reaction, otherwise it is impossible to comply with 
the law of conservation of angular momentum 
[13]. 
5) The nuclear reactions are a result of interaction 
of a large number of particles and consequently 
they must be investigated by laws of 
thermodynamics. This conclusion is consistent 
with many theoretical works [19, 20]. 
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